Licht CL, Mortensen EL, Hjordt LV, et al. Serotonin transporter gene (*SLC6A4*) variation and sensory processing sensitivity---Comparison with other anxiety‐related temperamental dimensions. Mol Genet Genomic Med. 2020;8:e1352 10.1002/mgg3.1352

**Funding information**

The Lundbeck Foundation (grant number R90‐A7722). The Danish Council for Independent Research (grant number 09‐063598). The Sawmill Owner Jeppe Juhl and wife Ovita Juhl Memorial Foundation (no grant number).

1. INTRODUCTION {#mgg31352-sec-0005}
===============

In response to environmental adversity a functional polymorphism in the serotonin (5‐hydroxy‐tryptamine, 5‐HT) transporter (5‐HTT) gene *SLC6A4*, the 5‐HTT linked polymorphic region (5‐HTTLPR), may predispose to mental illness (Uher & McGuffin, [2008](#mgg31352-bib-0043){ref-type="ref"}, [2010](#mgg31352-bib-0044){ref-type="ref"}). The 5‐HTTLPR gives rise to short (*s*) and long (*l*) alleles, which have been associated with distinct psychiatric disorders, including depression in the context of adverse life events (Caspi et al., [2003](#mgg31352-bib-0010){ref-type="ref"}) and obsessive‐compulsive disorder (Hu et al., [2006](#mgg31352-bib-0021){ref-type="ref"}), respectively. Since the initial report of an association between the 5‐HTTLPR *s* allele and the personality dimension Neuroticism (Lesch et al., [1996](#mgg31352-bib-0027){ref-type="ref"}), many studies have reported associations of the *s* allele with anxiety‐related personality dimensions. However, several studies including large‐scale population studies of Neuroticism (Terracciano et al., [2009](#mgg31352-bib-0041){ref-type="ref"}) and Harm Avoidance (Munafo et al., [2009](#mgg31352-bib-0034){ref-type="ref"}), as well as a large meta‐analysis (Minelli, Bonvicini, Scassellati, Sartori, & Gennarelli, [2011](#mgg31352-bib-0033){ref-type="ref"}), have not been able to confirm the association. Since the initial discoveries, focus has shifted toward interpreting the 5‐HTTLPR and other polymorphisms, which may confer risk to mood disorders, as underlying individual differences in susceptibility to both beneficial and detrimental environmental circumstances (Belsky et al., [2009](#mgg31352-bib-0006){ref-type="ref"}; Homberg & Lesch, [2011](#mgg31352-bib-0020){ref-type="ref"}). Carriers of the 5‐HTTLPR *s* allele show increased environmental reactivity in the form of enhanced positive and negative emotional processing (Canli et al., [2005](#mgg31352-bib-0009){ref-type="ref"}), stronger seasonal effects of daylight time on brain 5‐HTT levels (Kalbitzer et al., [2010](#mgg31352-bib-0025){ref-type="ref"}), and a stronger acoustic startle response (Brocke et al., [2006](#mgg31352-bib-0008){ref-type="ref"}). 5‐HTTLPR *s*/*s* homozygotes, which constitute 18%--29% of the European population (Noskova et al., [2008](#mgg31352-bib-0035){ref-type="ref"}), display phenotypic differences compared to both *s*/*l* and *l*/*l* genotypes, including stronger cortisol reactivity to social threat (Way & Taylor, [2010b](#mgg31352-bib-0048){ref-type="ref"}). Among 5‐HTTLPR genotypes, *s*/*s* homozygosity is associated with the lowest 5‐HTT mRNA expression while, when including the rs25531 (A/G) single nucleotide polymorphism (SNP) in the *l* allele, *l~A~*/*l~A~* homozygotes have the highest expression (Hu et al., [2006](#mgg31352-bib-0021){ref-type="ref"}). These differences are reflected in higher brain 5‐HTT binding in *l~A~*/*l~A~* homozygotes (Willeit & Praschak‐Rieder, [2010](#mgg31352-bib-0050){ref-type="ref"}). In genetic mouse models abolished 5‐HTT expression leads to many‐fold increased brain extracellular 5‐HT levels (Shen et al., [2004](#mgg31352-bib-0039){ref-type="ref"}), while 2--3‐fold 5‐HTT overexpression leads to 50%--60% reduced extracellular 5‐HT levels (Jennings et al., [2006](#mgg31352-bib-0023){ref-type="ref"}).

The temperamental trait sensory processing sensitivity (SPS) is defined by increased social, emotional, and physical sensitivity (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}; Aron, Aron, & Jagiellowicz, [2012](#mgg31352-bib-0005){ref-type="ref"}). In particular, SPS has in fMRI studies been associated with enhanced neural processing of detailed visual stimuli (Jagiellowicz et al., [2011](#mgg31352-bib-0022){ref-type="ref"}) and increased neural activation in response to pictures of happy and sad faces (Acevedo et al., [2014](#mgg31352-bib-0002){ref-type="ref"}). Among personality dimensions of the Five Factor Model of personality, SPS was correlated with Neuroticism and Openness to Experience (Smolewska, McCabe, & Woody, [2006](#mgg31352-bib-0040){ref-type="ref"}), and the three SPS facets Aesthetic Sensitivity (AES), Ease of Excitation (EOE), and Low Sensory Threshold (LST) (Liss, Mailloux, & Erchull, [2008](#mgg31352-bib-0030){ref-type="ref"}; Smolewska et al., [2006](#mgg31352-bib-0040){ref-type="ref"}) showed differential correlations with Neuroticism, Extraversion, and Openness to Experience (Smolewska et al., [2006](#mgg31352-bib-0040){ref-type="ref"}). The level of SPS is also correlated with symptoms of depression and trait anxiety (Liss, Timmel, Baxley, & Killingsworth, [2005](#mgg31352-bib-0031){ref-type="ref"}), as well as current levels of stress (Benham, [2006](#mgg31352-bib-0007){ref-type="ref"}), and is higher among individuals with seasonal affective disorder (Hjordt & Stenbæk, [2019](#mgg31352-bib-0018){ref-type="ref"}). Notably, individuals high in SPS had higher levels of negative affectivity in the context of low parenting quality during childhood, and in response to a recent experimental stressful event, than those with lower levels of SPS (Aron, Aron, & Davies, [2005](#mgg31352-bib-0004){ref-type="ref"}). Only one study has examined the biological bases of SPS, reporting associations between polymorphisms in genes encoding factors in the dopaminergic system and SPS (Chen et al., [2011](#mgg31352-bib-0011){ref-type="ref"}).

The purpose of the present study was to investigate a possible association between SPS and the combined 5‐HTTLPR/rs25531 *s*′/*s*′ genotype in healthy volunteers. In addition, relationships between SPS and the personality dimensions of the Five Factor Model (the Revised NEO Personality Inventory \[NEO‐PI‐R\]) and the Temperament and Character Inventory (TCI) were evaluated. To allow comparison with putative associations between SPS and 5‐HTTLPR/rs25531 *s*′/*s*′ genotype, associations between Neuroticism and Harm Avoidance and 5‐HTTLPR/rs25531 genotype were also determined.

Based on the literature, we hypothesized that the 5‐HTTLPR/rs25531 *s*′/*s*′ genotype would be associated with higher levels of SPS. Also, we hypothesized that SPS would be associated with the anxiety‐related personality traits of Neuroticism and Harm Avoidance.

2. METHODS {#mgg31352-sec-0006}
==========

2.1. Editorial policies and ethical compliance {#mgg31352-sec-0007}
----------------------------------------------

All individual projects were approved by the regional Ethics Committee, and permission to collect and store data was obtained from the Danish Data Protection Agency. The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in 2008. Written informed consent was obtained from all participants before individual project enrollment and subsequent inclusion in the Cimbi database. When contacted again in 2010, all participants provided new informed consent and received a financial compensation for the time spent completing the questionnaires.

2.2. Participants {#mgg31352-sec-0008}
-----------------

Participants were recruited from an established database at the Center for Integrated Molecular Brain Imaging (Cimbi) at the Copenhagen University Hospital Rigshospitalet. In October 2018, the Cimbi database contained biological and psychometric datasets (including the Highly Sensitive Person \[HSP\] Scale) from 405 healthy volunteers (18--87 years old), who were initially recruited through departmental websites and had gone through a screening process, which included a general evaluation of mental health (based on anamnesis and completion of the Revised Hopkins Symptom Checklist‐90R (SCL‐90R)), a medical and neurological examination, and blood biochemistry analyses. The 405 healthy volunteers were included in the Cimbi database between 2000 and 2015, at which time they completed NEO‐PI‐R and TCI personality batteries, and blood and/or saliva samples for genotyping were collected. In the summer of 2010, the cohort was asked to complete nine additional questionnaires, including the HSP Scale and the SCL‐90R, through an online survey application (LimeSurvey^®^, [www.limesurvey.org](http://www.limesurvey.org)). Of the 204 database participants, contact was established with 188, of which 169 completed the HSP Scale and the SCL‐90R (i.e., a response rate of 90%). The group of 169 participants plus additionally 236 participants included in the Cimbi database between 2010 and 2015 were included in this study. The individuals included after the summer of 2010 completed all relevant questionnaires at the time of inclusion. The participants were between 18 and 87 years old (mean ± *SD* = 34 ± 17 years), and 50.1% were female.

2.3. Measures {#mgg31352-sec-0009}
-------------

### 2.3.1. Highly Sensitive Person Scale {#mgg31352-sec-0010}

The temperamental trait SPS was assessed with the HSP Scale, a 27‐item self‐report questionnaire developed by Elaine N. Aron and Arthur Aron (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}), which provides a measure of SPS and of the three facets AES (sensitivity to the aesthetic quality of the environment, 7 items), EOE (sensitivity to overstimulation, 12 items), and LST (sensitivity to sensory stimuli, 6 items) (Smolewska et al., [2006](#mgg31352-bib-0040){ref-type="ref"} and Lionetti et al., [2018](#mgg31352-bib-0029){ref-type="ref"}). Examples of questions include "Do other people\'s moods affect you?"; "Do you startle easily?"; and "Does being very hungry create a strong reaction in you, disrupting your concentration or mood?". Items are rated on a 1--7 Likert scale (1 = "not at all" to 7 = "extremely"), giving total SPS scores in the range of 27--189. The HSP Scale was translated from English to Danish by the investigators, Danish--English bilinguals, and native English speakers, checked by independent back‐translation, and approved by E. N. Aron.

### 2.3.2. NEO‐PI‐R---the Revised NEO Personality Inventory {#mgg31352-sec-0011}

Personality profile was assessed with the Danish version of the NEO‐PI‐R (Hansen & Mortensen, [2003](#mgg31352-bib-0017){ref-type="ref"}), a 240‐item self‐report questionnaire providing a measure of the Five Factor Model of personality encompassing the dimensions Neuroticism, Extraversion, Openness to Experience, Agreeableness, and Conscientiousness (Costa & McCrae, [1992](#mgg31352-bib-0013){ref-type="ref"}). A total of 398 participants completed the NEO‐PI‐R questionnaire.

### 2.3.3. Temperament and Character Inventory {#mgg31352-sec-0012}

Personality profile was also assessed with the Danish version of the TCI (Kristensen, Mortensen, & Mors, [2009](#mgg31352-bib-0026){ref-type="ref"}), a 240‐item questionnaire providing a measure of four dimensions of temperament (Harm Avoidance, Novelty Seeking, Reward Dependence, and Persistence) and three of character (Self‐directedness, Cooperativeness, and Self‐transcendence) (Cloninger, Przybeck, Svrakic, & Wetzel, [1994](#mgg31352-bib-0012){ref-type="ref"}). A total of 395 participants completed the TCI.

### 2.3.4. Revised Hopkins Symptom Checklist (SCL‐90R) {#mgg31352-sec-0013}

Symptoms of psychological distress and psychopathology during the past week was assessed with the Danish version of the SCL‐90R (Olsen, Mortensen, & Bech, [2004](#mgg31352-bib-0036){ref-type="ref"}), a 90‐item self‐report questionnaire rated on a five‐point Likert scale (0 = "not at all" to 4 = "extremely"). The SCL‐90R provides a total score, the Global Severity Index (GSI), and scores for nine subscales of psychopathology: Somatization, Obsessive‐Compulsive, Interpersonal Sensitivity, Depression, Anxiety, Anger‐Hostility, Phobic Anxiety, Paranoid Ideation, and Psychoticism (Derogatis, [1994](#mgg31352-bib-0014){ref-type="ref"}). A total of 400 participants completed the SCL‐90R.

2.4. Genotyping {#mgg31352-sec-0014}
---------------

Blood samples for DNA analysis were stored at −20°C. DNA was extracted using an automated Maxwell^®^ 16 Blood DNA Purification System according to the manufacturer\'s guidelines (Promega), or DNA was extracted from blood using the Qiagen DNA mini kit (Qiagen) (Kalbitzer et al., [2010](#mgg31352-bib-0025){ref-type="ref"}) or from saliva using either the prepIT‐L2P kit or the Oragene DNA self‐collection kit OG‐500 (both from DNA Genotek), as described previously (Mc Mahon et al., [2016](#mgg31352-bib-0032){ref-type="ref"}). DNA was stored at −20°C (long‐term) or 5°C until genotyping. Genotyping of the 44‐bp insertion/deletion polymorphism of the 5‐HTT gene (*SLC6A4*; 17q11.1‐q12,; NG_011747.2), the 5‐HTTLPR (rs4795541), was performed with a TaqMan 5′‐exonuclease allelic discrimination assay according to the manufacturer\'s instructions (Assay‐on‐Demand, Applied Biosystems) and ABI 7500 multiplex polymerase chain reaction (PCR) machine (Applied Biosystems) with the forward primer: 5′‐GCA ACC TCC CAG CAA CTC CCT GTA‐3′, reverse primer: 5′‐GAG GTG CAG GGG GAT GCT GGA A‐3′, and FAM‐ and VIC‐labeled probes. A subset of seven samples were genotyped for 5‐HTTLPR by the following method: PCR amplification using the primers F: FAM‐5′‐GGC GTT GCC GCT CTG AAT GC‐3′ and R: 5′‐CTG ACC CCT GAA AAC TGT GC‐3′. The resulting PCR fragments were run on an ABI 3130 XL genetic analyzer using the internal size standard GeneScan 500 Rox, and data were analyzed using the GeneMapper Software (Applied Biosystems).

The rs25531 (A/G) SNP in the 5‐HTTLPR long allele was determined as previously described (Kalbitzer et al., [2010](#mgg31352-bib-0025){ref-type="ref"}; Mc Mahon et al., [2016](#mgg31352-bib-0032){ref-type="ref"}). A subset of samples was genotyped for rs25531 by another method consisting of PCR amplification with the following primers: forward 5′‐GGC GTT GCC GCT CTG AAT GC‐3′ and reverse 5′‐CTG ACC CCT GAA AAC TGT GC‐3′, followed by MspI digestion and fragment analysis by electrophoresis, either in an agarose gel or on an ABI using a FAM‐labeled forward primer. When using the fluorescence labeling and MspI digestion the following three alleles can be demonstrated: 5‐HTTLPR *l* + rs25531/A (*l~A~*, 341 bp), 5‐HTTLPR *s* + rs25531/A (*s~A~*, 298 bp), and rs25531/G (167 bp). In order to distinguish the 5‐HTTLPR *l* + rs25531/G (*l~G~*) from the rare 5‐HTTLPR *s* + rs25531/G (*s~G~*) allele, all samples showing a G allele were subsequently analyzed for 5‐HTTLPR *s* or *l* allele by PCR amplification with the same primers followed by electrophoresis of the undigested product (*l* allele: 571 bp, *s* allele: 528 bp).

In 2012--2013, another subset of samples was genotyped for 5‐HTTLPR and rs25531 by another method, as previously described (Jensen et al., [2015](#mgg31352-bib-0024){ref-type="ref"}; Wendland, Martin, Kruse, Lesch, & Murphy, [2006](#mgg31352-bib-0049){ref-type="ref"}).

Due to insufficient DNA, the rs25531 A/G SNP could only be determined for 398 participants.

2.5. Statistical analysis {#mgg31352-sec-0015}
-------------------------

One main model of 5‐HTTLPR/rs25531 genotype was used with coding of genotypes as binary variables: 5‐HTTLPR/rs25531 *s*′/*s*′ homozygotes: 5‐HTTLPR/rs25531 *s*′/*s*′ genotype (*s*/*s*, *s*/*l~G~*, and *l~G~*/*l~G~*) versus *l~A~* allele carriers (*s*/*l~A~*, *l~A~*/*l~G~*, and *l~A~*/*l~A~*). Also, we analyzed the effects of 5‐HTTLPR genotype alone: 5‐HTTLPR *s*/*s* homozygotes: 5‐HTTLPR *s*/*s* genotype versus *l* allele carriers (*s*/*l* and *l*/*l*) (see supplementary material for results).

In order to independently assess whether sex or age should be included as covariates in the personality genotype analysis, we first examined these relationships in our own sample. Relationships between SPS (total and facets) and sex were analyzed by ANCOVA, including age at HSP as covariate (Estimated Marginal Means ± SE), and relationships between SPS (total and facets) and age at HSP were determined as partial correlations controlling for sex, as males were older than females (mean ± *SD*: 34 ± 16 vs. 33 ± 17 years; Mann--Whitney test: *p* = .026, *n* = 405) in our sample.

Relationships between SPS and its facets and personality dimensions of NEO‐PI‐R and TCI were evaluated by bivariate Spearman\'s correlations, as the personality dimensions were not normally distributed (except for Conscientiousness), and as partial correlations controlling for age at HSP Scale completion and sex. The level of SPS of 5‐HTTLPR *s*′/*s*′ genotypes and *l~A~*‐allele carriers were compared by ANCOVA analysis to control for age and sex. Associations between 5‐HTTLPR/rs25531 genotype and SPS were also tested by ANCOVA analyses taking SCL‐90R GSI into account to control for psychological distress at the time of HSP Scale completion. Comparable analyses of associations between 5‐HTTLPR/rs25531 genotype and Neuroticism and Harm Avoidance were performed. To evaluate eventual effects of time interval between NEO‐PI‐R and SPS assessment, the sample was subdivided in those with time intervals of more than 6 months and those with intervals equal to 6 months or less. Inclusion of this parameter in an ANCOVA analysis of the relationship between SPS and Neuroticism had no significant effect (data not shown). Also, including the time interval between acquisition of NEO‐PI‐R and SPS measures in linear regression analyses of the relationship between SPS and NEO‐PI‐R dimensions had no significant effects (data not shown). The statistical analyses are not corrected for multiple testing. The statistical analyses were performed in IBM SPSS Statistics 25.

3. RESULTS {#mgg31352-sec-0016}
==========

3.1. Reliability and characteristics of the HSP Scale {#mgg31352-sec-0017}
-----------------------------------------------------

The Danish version of the HSP Scale showed good reliability (internal consistency) with a Cronbach\'s *α* coefficient of 0.87 and a mean inter‐item correlation of 0.19 (Table [1](#mgg31352-tbl-0001){ref-type="table"}). SPS was significantly higher among females (103.0 ± 1.2, *n* = 203) compared to males (88.8 ± 1.2, *n* = 202, *p* \< .001) and was negatively correlated with age (pr = −0.16, *p* = .001, *n* = 405). SPS was correlated with SCL‐90R GSI, a global measure of symptoms of psychological distress within the past week (Spearman: *r* = .41, *p* \< .001, *n* = 400). The three SPS facets AES, EOE, and LST showed good internal consistency and acceptable to high item‐total correlations (Table [1](#mgg31352-tbl-0001){ref-type="table"}). The facets were moderately intercorrelated (*r* = .30--.61, *n* = 405) and moderately to highly correlated with SPS total score (*r* = .61--.87, *n* = 405) (Table [1](#mgg31352-tbl-0001){ref-type="table"}). All SPS facets were higher among females compared to males (AES: 31.6 ± 0.4 vs. 29.6 ± 0.4, *p* \< .001, *n* = 405; EOE: 46.1 ± 0.6 vs. 39.7 ± 0.6, *p* \< .001, *n* = 405; and LST: 18.3 ± 0.4 vs. 14.0 ± 0.4, *p* \< .001, *n* = 405). Both AES and EOE were negatively correlated with age (AES: pr = −0.22, *p* \< .001, *n* = 405; EOE: pr = −0.22, *p* \< .001, *n* = 405), while LST was positively correlated with age (pr = 0.10, *p* = .041, *n* = 405).

###### 

Reliability and intercorrelations of the HSP Scale and its facets

  Aesthetic Sensitivity   Ease of Excitation                                 Low Sensory Threshold                              Cronbach\'s *α*                                    Item‐total correlation   Inter‐item correlation   
  ----------------------- -------------------------------------------------- -------------------------------------------------- -------------------------------------------------- ------------------------ ------------------------ ------
  SPS (27)                0.61[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   0.87[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   0.81[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   0.87                     0.11--0.59               0.19
  AES (7)                 ---                                                0.30[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   0.32[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   0.63                     0.17--0.47               0.20
  EOE (12)                0.30[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   ---                                                0.61[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   0.78                     0.13--0.62               0.23
  LST (6)                 0.32[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   0.61[\*\*\*](#mgg31352-note-0004){ref-type="fn"}   ---                                                0.75                     0.26--0.71               0.35

Values are Spearman\'s correlations between SPS (HSP Scale total score) and the facets AES (Aesthetic Sensitivity), EOE (Ease of Excitation), and LST (Low Sensory Threshold), and reliability estimates for each construct. The number of items included in each facet is indicated in parenthesis. *n* = 405.

Abbreviations: HSP Scale, Highly Sensitive Person Scale; SPS, sensory processing sensitivity.

*p* \< .001.

John Wiley & Sons, Ltd

3.2. Relationship of SPS to personality dimensions {#mgg31352-sec-0018}
--------------------------------------------------

Among the five personality dimensions assessed by the NEO‐PI‐R, SPS was positively correlated with Neuroticism, Openness to Experience, and Agreeableness, and negatively correlated with Extraversion (Table [2](#mgg31352-tbl-0002){ref-type="table"}). Similar to the full SPS measure, all facets were positively correlated with Neuroticism. EOE and LST were negatively correlated with Extraversion, while AES was positively correlated with Openness to Experience and Extraversion (Table [2](#mgg31352-tbl-0002){ref-type="table"}). Agreeableness was positively correlated with all three SPS facets, while EOE was negatively correlated with Conscientiousness. Correcting for age and sex had some effects on the correlations between SPS facets and NEO‐PI‐R dimensions (Table [S1](#mgg31352-sup-0001){ref-type="supplementary-material"}). In particular, AES was no longer significantly correlated with Neuroticism, EOE no longer significantly negatively correlated with Cooperativeness, and LST no longer significantly correlated with Agreeableness. Due to the collection in 2010 of HSPS data for a subset of the sample, who had completed NEO‐PI‐R and other questionnaires years earlier, 39.4% of the sample had more than 6 months between their NEO‐PI‐R and HSPS exam. On average the NEO‐PI‐R data was collected 1.9 ± 3.1 (*SD*) years before the HSPS data. However, time between NEO‐PI‐R and HSPS exam had no significant effect on the relationships between SPS and NEO‐PI‐R dimensions (data not shown).

###### 

Correlations between SPS and personality dimensions of the NEO‐PI‐R and TCI

  SPS                  AES                                                 EOE                                                LST                                                 
  -------------------- --------------------------------------------------- -------------------------------------------------- --------------------------------------------------- ---------------------------------------------------
  NEO‐PI‐R                                                                                                                                                                        
  Neuroticism          0.48[\*\*\*](#mgg31352-note-0009){ref-type="fn"}    0.18[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   0.51[\*\*\*](#mgg31352-note-0009){ref-type="fn"}    0.34[\*\*\*](#mgg31352-note-0009){ref-type="fn"}
  Extraversion         −0.17[\*\*](#mgg31352-note-0008){ref-type="fn"}     0.16[\*\*](#mgg31352-note-0008){ref-type="fn"}     −0.20[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   −0.28[\*\*\*](#mgg31352-note-0009){ref-type="fn"}
  Openness             0.22[\*\*\*](#mgg31352-note-0009){ref-type="fn"}    0.52[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   0.05                                                0.07
  Conscientiousness    −0.08                                               −0.01                                              −0.11[\*](#mgg31352-note-0007){ref-type="fn"}       −0.04
  Agreeableness        0.14[\*\*](#mgg31352-note-0008){ref-type="fn"}      0.10[\*](#mgg31352-note-0007){ref-type="fn"}       0.11[\*](#mgg31352-note-0007){ref-type="fn"}        0.13[\*](#mgg31352-note-0007){ref-type="fn"}
  TCI                                                                                                                                                                             
  Harm Avoidance       0.47[\*\*\*](#mgg31352-note-0009){ref-type="fn"}    0.03                                               0.55[\*\*\*](#mgg31352-note-0009){ref-type="fn"}    0.43[\*\*\*](#mgg31352-note-0009){ref-type="fn"}
  Reward Dependence    0.24[\*\*\*](#mgg31352-note-0009){ref-type="fn"}    0.28[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   0.18[\*\*\*](#mgg31352-note-0009){ref-type="fn"}    0.08
  Novelty Seeking      −0.12[\*](#mgg31352-note-0007){ref-type="fn"}       0.12[\*](#mgg31352-note-0007){ref-type="fn"}       −0.17[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   −0.16[\*\*](#mgg31352-note-0008){ref-type="fn"}
  Persistence          0.11[\*](#mgg31352-note-0007){ref-type="fn"}        0.21[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   0.03                                                0.04
  Self‐directedness    −0.26[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   −0.04                                              −0.34[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   −0.13[\*\*](#mgg31352-note-0008){ref-type="fn"}
  Cooperativeness      0.02                                                0.19[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   −0.06                                               −0.01
  Self‐transcendence   0.26[\*\*\*](#mgg31352-note-0009){ref-type="fn"}    0.40[\*\*\*](#mgg31352-note-0009){ref-type="fn"}   0.10                                                0.13[\*](#mgg31352-note-0007){ref-type="fn"}

Values are Spearman\'s correlation coefficients. HSP Scale and NEO‐PI‐R: *n* = 398; HSP Scale and TCI: *n* = 395.

Abbreviations: AES, Aesthetic Sensitivity; EOE, Ease of Excitation; HSP Scale, Highly Sensitive Person Scale; LST, Low Sensory Threshold; NEO‐PI‐R, Revised NEO Personality Inventory; SPS, sensory processing sensitivity; TCI, Temperament and Character Inventory.

*p* \< .05.

*p* \< .01.

*p* \< .001.

John Wiley & Sons, Ltd

Among the personality dimensions assessed by the TCI, SPS was positively correlated with Harm Avoidance, Reward Dependence, Persistence, and Self‐transcendence but negatively correlated with Novelty Seeking and Self‐directedness (Table [2](#mgg31352-tbl-0002){ref-type="table"}). Analyses of the SPS facets showed a positive correlation of both EOE and LST with Harm Avoidance, of EOE and AES with Reward Dependence, and of AES and LST with Self‐transcendence. EOE and LST were negatively correlated with Novelty Seeking and Self‐directedness, while AES was positively correlated with Novelty Seeking, Persistence, and Cooperativeness. Correction for age and sex affected the correlation between SPS and Persistence, which was no longer significant (Table [S1](#mgg31352-sup-0001){ref-type="supplementary-material"}). Also, when correcting for age and sex the correlation between AES and Novelty Seeking lost significance, as did the correlations between EOE and Reward Dependence, and LST and Self‐transcendence. Interestingly, the negative correlation between EOE and Cooperativeness became significant.

3.3. Relationships between SPS and 5‐HTTLPR/rs25531 genotype {#mgg31352-sec-0019}
------------------------------------------------------------

As the rs25531 (A/G) SNP G allele is extremely rare on chromosomes carrying the *s* allele, we only included this SNP in haplotypes on chromosomes carrying the *l* allele, leading to the 5‐HTTLPR/rs25531 genotypes of *s*/*s* (*n* = 74, 18.3%), *s*/*l~G~* (*n* = 21, 5.2%), *s*/*l~A~* (*n* = 148, 36.5%), *l~G~*/*l~G~* (*n* = 1, 0.2%), *l~A~*/*l~G~* (*n* = 28, 6.9%), and *l~A~*/*l~A~* (*n* = 126, 31.1%). These genotypes were in Hardy--Weinberg equilibrium: *l~G~* allele frequency = 6%, *s* allele frequency = 40%, and *l~A~* allele frequency = 54%, *X* ^2^ = 6.152, (*df* = 3), *p* \> .05. However, the 5‐HTTLPR genotypes alone (without rs25531) of *s*/*s* (*n* = 74, 18.3%), *s*/*l* (*n* = 172, 42.5%), and *l*/*l* (*n* = 159, 39.3%) were not in Hardy--Weinberg equilibrium: *s* allele frequency = 40%, *Χ* ^2^ = 5.033, (*df* = 1), *p* \< .05.

There was no significant association between the combined low expressing 5‐HTTLPR/rs25531 genotypes (*s*/*s*, *s*/*l~G~*, and *l~G~*/*l~G~*), referred to as 5‐HTTLPR/rs25531 *s*′/*s*′ genotype, and SPS when taking age at HSP completion and sex into account (Table [3](#mgg31352-tbl-0003){ref-type="table"}). Inclusion of psychological distress (SCL‐90R GSI) as a covariate had no significant effects on the results (Table [S2](#mgg31352-sup-0001){ref-type="supplementary-material"}). Also, controlling for Neuroticism had no significant effect on the results (data not shown). We also analyzed relationships between 5‐HTTLPR *s*/*s* genotype alone and level of SPS but found no significant association when taking age at HSP completion and sex into account (Table [S3](#mgg31352-sup-0001){ref-type="supplementary-material"}). Inclusion of psychological distress (SCL‐90R GSI) as a covariate had no significant effects on the results (Table [S4](#mgg31352-sup-0001){ref-type="supplementary-material"}). Also, controlling for Neuroticism had no significant effect on the results (data not shown). There were no significant associations between 5‐HTTLPR/rs25531 status in *s*′ or *s* allele dominant model and SPS: *s*′ allele *p* = .25, *s* allele *p* = .52).

###### 

Personality dimensions and 5‐HTTLPR/rs25531 genotype: *s*′/*s*′ versus *l~A~* allele carrier

                   *s*′/*s*′[^a^](#mgg31352-note-0012){ref-type="fn"}   *l~A~* allele carrier
  ---------------- ---------------------------------------------------- -----------------------
  SPS              96.0 ± 1.8                                           95.8 ± 1.0
  Neuroticism      74.6 ± 2.1                                           76.9 ± 1.2
  Harm Avoidance   10.5 ± 0.6                                           11.6 ± 0.3

Values are estimated marginal means ± standard error (ANCOVA) of each personality dimension for the given 5‐HTTLPR/rs25531 genotype group, taking age (at HSP Scale completion) and sex into account. *s*′/*s*′: *s*/*s*, *s*/*l~G~*, and *l~G~*/*l~G~*. *n* = 388--398.

Abbreviations: HSP Scale, Highly Sensitive Person Scale; SPS, sensory processing sensitivity.

5‐HTT gene (*SCL6A4*): NG_011747.2.

John Wiley & Sons, Ltd

3.4. Neuroticism and Harm Avoidance versus 5‐HTTLPR/rs25531 genotype {#mgg31352-sec-0020}
--------------------------------------------------------------------

We also examined, if we could replicate previous reports on 5‐HTTLPR genotype association with other measures of personality. Self‐reported psychological distress (SCL‐90R GSI) was positively correlated with both Neuroticism (Spearman: *r* = .49, *p* \< .001, *n* = 394) and Harm Avoidance (Spearman: *r* = .40, *p* \< .001, *n* = 391). There were no significant associations between 5‐HTTLPR/rs25531 *s*′/*s*′ genotype (or *s*/*s* genotype) and Neuroticism, when controlling for age at HSP completion and sex (Table [3](#mgg31352-tbl-0003){ref-type="table"} and Table [S3](#mgg31352-sup-0001){ref-type="supplementary-material"}). Including SCL‐90R GSI as a covariate had no effect on the relationships between 5‐HTTLPR/rs25531 *s*′/*s*′ genotype and Neuroticism (Table [S2](#mgg31352-sup-0001){ref-type="supplementary-material"}) or between 5‐HTTLPR *s*/*s* genotype and Neuroticism (Table [S4](#mgg31352-sup-0001){ref-type="supplementary-material"}). There were also no significant associations between 5‐HTTLPR/rs25531 *s*′/*s*′ genotype and Harm Avoidance, when controlling for age at HSP completion and sex (Table [3](#mgg31352-tbl-0003){ref-type="table"}). Including SCL‐90R GSI as a covariate had no effect on the relationship (Table [S2](#mgg31352-sup-0001){ref-type="supplementary-material"}). However, there was a significant relationship between 5‐HTTLPR genotype and Harm Avoidance in that Harm Avoidance was significantly higher among *l* allele carriers, when taking age at HSP completion and sex into account (Table [S3](#mgg31352-sup-0001){ref-type="supplementary-material"}). This remained significant when controlling for SCL‐90R GSI (Table [S4](#mgg31352-sup-0001){ref-type="supplementary-material"}). 5‐HTTLPR/rs25531 *s*′ allele carrier (or *s* allele carrier) status was not associated with Neuroticism or Harm Avoidance (N: *s*′ allele *p* = .74, *s* allele *p* = .81; HA: *s*′ allele *p* = .77, *s* allele *p* = .41).

4. DISCUSSION {#mgg31352-sec-0021}
=============

We found no associations between common polymorphisms in the human 5‐HTT gene (*SLC6A4)*, 5‐HTTLPR, and rs25531, and the temperamental trait SPS in our group of healthy adults. The 5‐HTTLPR/rs25531 *s*′/*s*′ genotype was not associated with SPS, when taking sex and age at HSP Scale completion into account. Also, including psychological distress (SCL‐90R GSI) as a covariate had no significant effect on the relationship. The 5‐HTTLPR/rs25531 *s*′/*s*′ genotype was also not significantly associated with the anxiety‐related personality dimensions of Neuroticism and Harm Avoidance.

The reliability estimates of the Danish version of the HSP Scale were in accordance with studies using the original English version (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}; Aron et al., [2005](#mgg31352-bib-0004){ref-type="ref"}; Smolewska et al., [2006](#mgg31352-bib-0040){ref-type="ref"}), and reliability indices of the SPS facets were similar to those found in Canadian, Dutch, and US samples (Evers, Rasche, & Schabracq, [2008](#mgg31352-bib-0016){ref-type="ref"}; Liss et al., [2008](#mgg31352-bib-0030){ref-type="ref"}; Smolewska et al., [2006](#mgg31352-bib-0040){ref-type="ref"}). In agreement with previous studies we found higher levels of SPS among females than among males (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}; Benham, [2006](#mgg31352-bib-0007){ref-type="ref"}). This sex difference has been proposed to reflect underreporting of sensitivity among males due to Western gender roles (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}). SPS was correlated with psychological distress within the past week (SCL‐90R GSI), suggesting that level of SPS in part reflects psychological state among healthy adults. This is in agreement with SPS being correlated with perceived stress within the past month (Benham, [2006](#mgg31352-bib-0007){ref-type="ref"}) and with symptoms of depression (Liss et al., [2005](#mgg31352-bib-0031){ref-type="ref"}) in nonclinical samples. We found similar correlations between psychological distress and both Neuroticism and Harm Avoidance, indicating that this is a general characteristic of anxiety‐related personality dimensions.

Two studies have related SPS to personality dimensions of the Five Factor Model of personality using the Big Five Inventory (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}) and the NEO‐FFI (Smolewska et al., [2006](#mgg31352-bib-0040){ref-type="ref"}). In agreement with previous studies, SPS total score (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}) and all three facets were correlated with Neuroticism (Smolewska et al., [2006](#mgg31352-bib-0040){ref-type="ref"}). However, the moderate size of the correlation coefficient (*r* = .48) indicates that the SPS construct may be distinct from negative emotionality, as assessed by Neuroticism. A negative correlation of −0.29 between SPS and Extraversion was found using Eysenck\'s Personality Inventory (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}) but not with the NEO‐FFI (Smolewska et al., [2006](#mgg31352-bib-0040){ref-type="ref"}). In our sample, SPS was also negatively correlated with Extraversion (*r* = −.17; suggestive of a positive correlation with introversion), reflecting negative correlations with the facets EOE and LST but a positive correlation with AES. The relationship is in line with SPS incorporating physiological aspects, which differ between introverts and extraverts (Aron & Aron, [1997](#mgg31352-bib-0003){ref-type="ref"}), while the rather small coefficient underscores the difference between the constructs. Finally, in agreement with the study by Smolewska et al. ([2006](#mgg31352-bib-0040){ref-type="ref"}), SPS was positively correlated with Openness to Experience. Overall, EOE and LST were similarly correlated with NEO‐PI‐R personality dimensions, while AES showed a distinct pattern. Notably, AES was most strongly correlated with Openness to Experience (*r* = .52), which has been associated with genetic variation in the dopamine system (Deyoung et al., [2011](#mgg31352-bib-0015){ref-type="ref"}).

With respect to Cloninger\'s psychobiological model of temperament and character, in our sample of healthy adults, SPS was correlated with Harm Avoidance, Reward Dependence, Persistence, and Self‐transcendence. This is in partial agreement with results obtained with the Tridimensional Personality Questionnaire (TPQ) in a smaller sample (*n* = 89) of outpatients with social anxiety disorder, where SPS was correlated with Harm Avoidance only (Hofmann & Bitran, [2007](#mgg31352-bib-0019){ref-type="ref"}).

The distribution of 5‐HTTLPR/rs25531 allele and genotype frequencies among the Danish participants in our study was in accordance with those of a large group (*n* = 771) of Finnish whites (Hu et al., [2006](#mgg31352-bib-0021){ref-type="ref"}). We hypothesized that 5‐HTTLPR/rs25531 *s*′/*s*′ genotype would be associated with SPS but found no significant relationship when taking sex and age at HSP Scale completion into account. Also, including psychological distress (SCL‐90R GSI) as a covariate had no effect. Furthermore, analyses of the SPS facets revealed no significant relationships with 5‐HTTLPR/rs25531 *s*′/*s*′ genotype (data not shown).

Individuals with at least one short allele of the 5‐HTTLPR have increased sensitivity to pictures of emotional faces (Homberg & Lesch, [2011](#mgg31352-bib-0020){ref-type="ref"}), increased sensitivity to social experiences including psychosocial stress (Way & Taylor, [2010a](#mgg31352-bib-0047){ref-type="ref"}), more depressive symptoms in response to early life or recent stress (Caspi et al., [2003](#mgg31352-bib-0010){ref-type="ref"}), increased effects of an academic examination on negative mood (Verschoor & Markus, [2011](#mgg31352-bib-0045){ref-type="ref"}), increased acoustic startle response (Brocke et al., [2006](#mgg31352-bib-0008){ref-type="ref"}), and differences in pain regulation (Lindstedt et al., [2011](#mgg31352-bib-0028){ref-type="ref"}). As the HSP Scale was originally developed by interviews with individuals who identified themselves as highly sensitive (Aron et al., [2012](#mgg31352-bib-0005){ref-type="ref"}), and include descriptors of increased sensitivity to other people\'s mood, pain, and hunger; being upset by many simultaneous demands, time pressure, and major life changes; as well as being easily startled, SPS could have represented a general description of the subjective experience of physiological consequences of plasticity genotypes such as the 5‐HTTLPR/rs25531 *s*′/*s*′ genotype or related 5‐HTTLPR genotypes. However, this hypothesis was not supported in our sample.

Studies using fMRI to assess psychobiological changes associated with high SPS have obtained the clearest results when controlling for Neuroticism (Acevedo, Aron, & Aron, [2010](#mgg31352-bib-0001){ref-type="ref"}, Acevedo et al., [2014](#mgg31352-bib-0002){ref-type="ref"}; Jagiellowicz et al., [2011](#mgg31352-bib-0022){ref-type="ref"}). However, controlling for Neuroticism had no effect on our results. Also, 5‐HTTLPR/rs25531 *s*′ allele carrier status and the 5‐HTTLPR genotypic categories *s*/*s* and *s* allele carrier, not taking variation at the rs25531 SNP into account, were not related to SPS.

Similar to SPS, 5‐HTTLPR/rs25531 *s*′/*s*′ genotype was not significantly associated with Neuroticism or Harm Avoidance. The lack of associations between Neuroticism and 5‐HTTLPR *s* allele carrier status is in agreement with large population studies of Neuroticism (Terracciano et al., [2009](#mgg31352-bib-0041){ref-type="ref"}) and with a meta‐analysis from 2011 (Minelli et al., [2011](#mgg31352-bib-0033){ref-type="ref"}). In their meta‐analysis, Minelli et al. ([2011](#mgg31352-bib-0033){ref-type="ref"}) detected a significant association between the 5‐HTTLPR *s*/*s* genotype and studies of Harm Avoidance and Neuroticism combined but when studies without structured psychiatric screening were excluded, the association was no longer significant. The discrepancy between studies may be explained by reports showing that association between the 5‐HTTLPR *s* allele and Neuroticism is dependent on adverse environmental circumstances (Pluess, Belsky, Way, & Taylor, [2010](#mgg31352-bib-0038){ref-type="ref"}; Vinberg, Mellerup, Andersen, Bennike, & Kessing, [2010](#mgg31352-bib-0046){ref-type="ref"}). Also, many of the previous studies have not included the rs25531 SNP in their analyses of relationships between serotonin transporter gene (*SLC6A4*) variation and anxiety‐related traits.

A potential weakness of the present study pertains to the fact that the NEO‐PI‐R and the TCI personality data of a subset of participants were not collected at the same time as the SPS data. While longitudinal studies have shown very high stability of NEO‐PI‐R scores on an individual basis with 6‐ to 15‐year retest correlations of 0.78--0.85 (Terracciano, Costa, & McCrae, [2006](#mgg31352-bib-0042){ref-type="ref"}), among 5‐HTTLPR *s* allele carriers the level of Neuroticism to some extent reflect environmental circumstances (Pluess et al., [2010](#mgg31352-bib-0038){ref-type="ref"}; Vinberg et al., [2010](#mgg31352-bib-0046){ref-type="ref"}). We therefore compared the effect of time interval between collection of SPS and NEO‐PI‐R data on the relationships between SPS and NEO‐PI‐R dimensions but found no significant differences.

In conclusion, the 5‐HTTLPR/rs25531 *s*′/*s*′ genotype was not associated with the temperamental trait SPS, when controlling for age and sex. Taking psychological distress into account had no significant effect. There were also no associations between any categorization of 5‐HTTLPR/rs25531 genotypes and Neuroticism or between 5‐HTTLPR/rs25531 *s*′/*s*′ genotype and Harm Avoidance. Given the relatively large sample size, the present results may be considered robust evidence of non‐significant associations between 5‐HTTLPR/rs25531 genotype and anxiety‐related temperamental dimensions but the results still require independent confirmation.
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